8 This study presents the application of an integrated water management strategy at two 9 large Australian manufacturing companies that are contrasting in terms of their respective 10 products. The integrated strategy, consisting of water audit, pinch analysis and membrane 11 process application, was deployed in series to systematically identify water conservation 12 opportunities. Initially, a water audit was deployed to completely characterize all water 13 streams found at each production site. This led to the development of a water balance 14 diagram which, together with water test results, served as a basis for subsequent enquiry.
Introduction

27
Water is a vital commodity in many manufacturing industries. It is used in production 28 processes, process utilities and for a range of other miscellaneous purposes (Dupont and 29 Renzetti, 2001). Production processes utilize water either as a cleaning agent, contaminant 30 diluter, or as part of the final product, whilst process utilities such as cooling towers, boilers 31 and air handling units, utilize water to carry out heat transfer, steam production and to make 32 up water loss due to evaporation. Employee sanitation and general plant cleaning usually 33 constitute water used for other miscellaneous purposes. Since water is vital to many 34 manufacturing processes and activities, its efficient use should be a priority in order to ensure 35 that water scarcity and increasing water tariffs will have minimal effects on production. 36 Identifying opportunities to improve process water use efficiency usually involves the 37 deployment of different water management strategies such as the water audit, process 38 integration and use of advanced water treatment technologies. Water management strategies 39 provide useful insights into possible process changes that may lead to an increase in water 40 use efficiency and eventually water savings. 41 A water audit is carried out to measure the quantity and quality of water inputs and 
Water recycling
158
The regeneration potential of selected wastewater streams generated at each company was rejection rates for the UF membranes were estimated using turbidity measurements. 164 Similarly, NF and RO membranes were also evaluated based on fouling rates and ability to reject certain contaminants such as ions, COD, metals, and TDS. Fouling rates for all the 166 membranes used were measured in terms of flux decline while contaminant 167 reduction/rejection rates (C R ) were calculated using Eq. (1).
168
C R = (C F -C P ) / C F x 100 % (1) 169 where C F is the feed contaminant concentration and C P is the permeate contaminant 170 concentration. The specifications of the different membranes used in the trials are shown in Table 1 . 177 Ceramic membranes were chemically cleaned after each trial to facilitate reuse while used 178 flat sheet polymeric membranes were replaced with new ones at the start of each trial. 
Water uses
193
The main source of water used at the production sites of both companies is i.e. freshwater supplied by the local water retailer. The average water qualities of the 195 Citywater used at each site is shown in Table 2 . • MTB processes account for 67.7 % of the total Citywater consumption while NMTB 216 processes account for 32.3 % of the total Citywater consumption.
• The shop with the highest water consumption is paint shop -utilizing 49. coolers/warmers, wet lube conveyors, and vacuum pumps.
228
• MTB processes account for 40.3 % of total Citywater consumption while NMTB 229 processes account for 59.7 % of total Citywater consumption.
230
• Approximately 48.7 % of the total Citywater supplied is used for beverage production. 
Wastewater characteristics
238
As mentioned previously, the wastewater streams generated at each company's 239 production site differ markedly from each other. The mass balance equations used in analysing the water-using processes found in these among the different wastewater streams found at the car body preparation section (Table 5) . 360 Obviously, the removal of suspended solids (mainly paint particles) as well as O&G will 361 facilitate the reuse of stage 19's wastewater into other stages.
362 Table 5 363
Average water qualities of wastewater streams generated at company A's car body The largest user of water in the car parts section is Stage 2 (Fig. 7) . It utilizes an average 391 of 20.6 tonnes/day of Citywater and 24.4 tonnes/day of RO concentrate as make-up water.
392
The existing overflow rate for this stage is set at 45 tonnes/day to maintain a bath alkalinity Citywater used and wastewater discharged is given in tonnes per day. Table 6 . for each stream is shown in Fig. 11 . 
Main treatment
533
The main treatment system will treat the dissolved constituents for the different 534 wastewater streams. For example, using the test rig, the NF membrane shown in Table 1 was   535 tested on Company A's metals stream to evaluate conductivity reduction, as well as the 536 rejection of the predominant metal contaminants, including Mn, Ni and Zn. Table 9 shows 537 the performance of the NF membrane in terms of conductivity reduction and specific metal 538 rejection at different TMPs. stream. Average pH for the wastewater stream and product water is 3.7 and 3.9 respectively. As shown in Table 9 , conductivity and specific metal contaminants measured in the Table 10 shows the performance of the RO membrane on the wastewater streams 561 mentioned above.
562 Table 10 563 RO membrane performance on the rejection of specific wastewater parameters such as The RO membrane used in the tests was very effective in reducing conductivity, COD 568 and TDS. Reduction rates for all wastewater parameters in focus were above 91 % -as 569 shown in Table 10 . It was also observed that permeate fluxes of the RO membrane shown in 570 Fig. 15a exhibited gradual permeate flux decline rates for both wastewater streams used. Likewise, energy usage (Fig. 15b) of the RO membrane is comparable to the energy usage 572 (Fig. 14a) of the NF membrane used in this study. The low energy usage of the RO 573 membrane can be attributed to its inherent characteristic of being a low pressure membrane. Finally, the payback period was calculated using Eq. (11): 663 P P = C I / S T (11) the total wastewater generated is reclaimed by the UF system. The filtrate obtained from the 697 UF system is subsequently passed through an RO system at a recovery rate of 75 %. The 698 volume of the pure water after the RO system is 390 m 3 /day.
699
The equipment cost estimates used in this section were obtained directly from the membrane 700 manufacturers. Since costs were necessarily estimates only, there is a possibility that they 701 may either increase or decrease depending on the final equipment design. 
